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INTRODUCTION
The body weight is transferred to the foot by the talus, which is vulnerable to injuries because of the absence of muscular attachments. The shape of the talus and its strong ligamentous support holds it in the ankle mortise.
Total talar dislocation (TTD; dislocation of the tibiotalar, subtalar, and talonavicular joints) with or without an accompanying fracture is an extremely rare type of injury [1] . TTD accounts for 0.06% of all dislocations and 2% of all talar injuries [2] . TTD treatment is subject to complications such as avascular necrosis (AVN), osteoarthritis, and infection due to the limited talar blood supply and frequency of open injury [3] [4] [5] [6] [7] [8] .
The incidence of open injury among reported TTDs was reportedly to be 84.9% (73 of 86 cases) in the latest systematic review by Weston et al [9] ; only three patients (3.5%) were able to be treated by closed reduction, and 50% of TTDs were associated with fractures, especially talus fracture (37.3%).
The tenuous blood supply of the talus is provided by the dorsalis pedis artery, peroneal arteries, tarsal canal and sinus arteries, deltoid artery, and their branches or anastomoses [6, 10, 11] . However, given the rarity of TTD, many aspects of this injury are not fully understood, and there is no established treatment protocol. Many surgeons may have never treated this type of injury in their surgical careers [12] . We aim to share our clinical experience and outcomes of this rare dislocation in order to improve the clinical understanding of TTD.
CASE PRESENTATION
Chief complaint
A 32-year-old man presented to the Emergency Department of our hospital after falling from a 3-meter ladder onto his feet.
History of past illness
The patient's past medical history was unremarkable.
Physical examination
Physical examination revealed no open wounds but gross swelling and pain of either ankle. The skin was intact bilaterally. The dislocated talar head was prominent under the lateral border of the foot but did not lead to pressure necrosis or blisters. There was no neurovascular compromise bilaterally. Dorsalis pedis and tibialis posterior artery pulses were palpable. Our clinical considerations were, first, a talar dislocation and, second, a pilon fracture of the tibia.
Laboratory examinations
The blood biochemistries, chest X-ray films, and arterial blood gases were normal.
Imaging examinations
Plain films and computed tomography scans revealed anterolateral TTD and fracture of the medial malleolus on the right side and a pilon fracture on the left side ( Figure  1 ). Plain films of the dorsolumbar vertebrae, pelvis, bilateral knee, and femur were also obtained because of the possibility of axial load fracture during the fall. The final diagnosis was anterolateral dislocation of the talus and non-displaced medial malleolus fracture of the right ankle, and pilon fracture of the left tibia.
FINAL DIAGNOSIS
TREATMENT
Closed reduction of the right TTD in the emergency room was not successful. During the reduction by simple traction with the knee flexed 90 degrees, the fractured highly unstable medial malleolus displaced into the ankle mortise, blocking the relocation of the talus ( Figure 2) . Therefore, open reduction by the medial and lateral approach was performed.
After reduction of the medial malleolus and the talus, the medial malleolus was fixed using the tension band technique ( Figure 3 ). Next, subtalar, tibiotalar, talonavicular, and calcaneocuboid joints were checked for the tendency to dislocate. Tibiotalar and talonavicular joints were unstable. Therefore, two Kirschner (K) wires were inserted horizontally from the lateral malleolus to the talus in order to increase the stability of the tibiotalar joint. A K-wire for the talonavicular joint was used for maintenance of the reduction. A short-leg cast was placed after surgery. Due to the swelling in the left ankle, external fixation was performed in order to restore the alignment, and open reduction and internal fixation with locking anatomical plates and screws using anterolateral and posterolateral approaches were performed two weeks after the initial surgery ( Figure 4 ).
OUTCOME AND FOLLOW-UP
The K-wires were removed at the 6 th postoperative week. After surgery, any weightbearing was avoided for six weeks. Postoperative radiographs obtained in the 6 th postoperative week revealed no Hawkins sign ( Figure 5 ).
Hawkins sign is a subchondral radiolucent band in the talar dome that can be observed on anteroposterior ankle radiographs. This radiolucent band is formed by an increase in bone reabsorption and accompanied by active hyperemia of the talus. Therefore, the blood supply of the talus must be preserved. Hawkins sign is a good prognostic factor suggesting that the blood supply to the talus has been preserved and AVN will likely not occur [13] . The sensitivity and specificity of Hawkins sign are reported to be 100% and 57.7%, respectively, and it is present between the 6 th and 9 th weeks after trauma. In contrast, the absence of the Hawkins sign is not a reliable factor for predicting AVN or the development of talar collapse. In the absence of the Hawkins sign, magnetic resonance imaging (MRI) should be performed if there is any clinical or radiographic suspicion of AVN [14] . The patient was able to walk with crutches with mild pain during the 6 th postoperative week and was pain-free at the third month. At 36-month follow-up, there were 10 degrees of flexion loss and 10 degrees of extension loss in the tibiotalar joint. Furthermore, 5 degrees of subtalar joint inversion-eversion loss was present.
DISCUSSION
One of the significant findings of this study is that an initially non-displaced medial malleolus may prevent closed reduction of the talus if it displaces in the ankle mortise. Therefore, open reduction may become a necessity. We speculate that closed reduction should always be the first choice of reduction to prevent disruption of the remaining tenuous vascular supply. It is possible to achieve good results even by open reduction and fixation with the necessary sensitivity to the soft tissue around talus. Another main finding is that despite the absence of Hawkins sign, a good prognosis and result are possible. The talus has no muscular or tendinous attachments, and 60% of its surface is articular. Maintaining the position of the talus is only possible with its unique ligamentous support: The heavy talocalcaneal interosseous ligament, the anterior/posterior tibiotalar deltoid components medially, and the anterior/posterior talofibular ligaments laterally [1] . TTD is generally due to a car/motorcycle accident or a fall from a height. A rarer clinical entity called "missing talus" may occur if the talus is completely extruded out of the skin [1] . In the present case, the talus was dislocated out of the mortise but did not extrude out of the skin after the fall from a height.
Talar dislocations may be subtalar or total. Subtalar dislocation involves the talocalcaneal and talonavicular joints, whereas TTD involves tibiotalar dislocation in addition to subtalar dislocation. There are three types of TTD: anterolateral (common), medial, and posterior. This case had an anterolateral TTD involving the tibiotalar, talonavicular, and talocalcaneal joints.
TTD is generally an open-type injury. Closed TTD is an extremely infrequent injury [2] . Surgical debridement and open reduction are necessary for open TTDs. Furthermore, external fixation may be needed because of wounds, injury, and concomitant fracture. Closed reduction with sedation in the emergency room and a short-leg cast may be sufficient for closed TTDs without fracture. Neurovascular, capsular, and ligamentous injuries and pressure necrosis are early concomitant injuries related to TTD. Late complications are more worrisome, including AVN, infection, and post-traumatic degenerative arthritis. Post-traumatic arthritis may occur even after several years. No neurovascular injuries were encountered in this case. There was an anterolateral capsular tear treated by primary suturing, and an anterior talofibular ligament sprain treated conservatively.
Good prognosis and clinical outcome without AVN or arthritis have been reported [7] . However, according to some authors, the reported prognosis was very poor [3] , and the risk of post-traumatic talar AVN is as high as 90%, especially in the first year after the injury [15] . AVN is the most common complication (26%) of TTD, followed by radiographic osteoarthritis (22%), clinical osteoarthritis (16%), and infection (12%), as reported in the latest systematic review [9] . In our patient, six-week radiographs revealed no Hawkins sign. The six-week MRI revealed only talar bone bruising and edema, but no signs of AVN ( Figure 6 ). Patients should be monitored by MRI for early AVN. Hawkins sign can be seen in serial radiographs as well. All reported closed anterolateral TTDs, as in this case, were treated by closed reduction and showed no signs of AVN at follow-up [10] . One of the major TTD series is reported by Detenbeck and Kelly [3] , with the majority of cases being the open type. In Detenbeck's mini-series of nine patients, there were seven open, and two closed TTDs. Eight developed sepsis. Seven of nine were treated by talectomy. Five patients required tibiocalcaneal arthrodesis and one required amputation. After the reduction of the medial malleolus and the talus, the medial malleolus was fixed using the tension band technique because of instability of the tibiotalar and talonavicular joints. Two Kirschner (K) wires were inserted horizontally from the lateral malleolus to the talus in order to increase the stability of the tibiotalar joint and a K-wire for the talonavicular joint was used for the maintenance of the reduction.
Various treatment procedures exist, including debridement, fracture fixations if necessary, closed/open reductions, and talectomy with or without tibiocalcaneal arthrodesis for open TTDs [16] . In the Palomo-Traver's review, closed reduction was recommended except in cases of gross contamination or complete extrusion [16] . Furthermore, there is no consensus for closed TTD treatment, such as open [7] or closed reduction [17] ; however, in recent years, closed reduction has become the treatment of choice [17] . Some authors reported favorable outcomes after closed reduction [18] . Although Detenbeck and Kelly reported that total or partial talectomy might be necessary even in closed TTD [3] , only two of nine patients had closed TTD, both of whom had talar fractures and the treatment was delayed because of head injury in one of them. The first closed TTD patient in Detenbeck and Kelly's mini-series had a talus neck and body fracture treated by open reduction, internal fixation, and subtalar fusion. Two days later, the ankle joint became infected and was revised by talectomy, open drainage, and tibiocalcaneal arthrodesis. Their second patient with closed TTD also had a talar body fracture, and because of the head injury, only a compression dressing was applied for initial treatment. Septicemia developed because of hematogenous seeding of the ankle infection and draining sinuses. The second patient was also treated by talectomy and tibiocalcaneal arthrodesis.
Fixation with the K-wire may be performed in cases of with a tendency for dislocation, and cast or external fixator immobilization is recommended for six to eight weeks [7] . In the present case, we inserted two K-wires through the lateral malleolus and one K-wire through the navicular to the talus in order to maintain reduction temporarily for six weeks. Few high-level studies have reported the superiority of either closed or open reduction. Therefore, closed or open reduction appears to be a treatment of choice [7] .
Strengths and limitations of the study
We believe that our study makes a significant contribution to the literature because this combination of injuries is extremely rare, and the illustration of our case will help orthopedic surgeons who encounter similar cases in the future. Nevertheless, more studies with a higher level of evidence and higher number of cases are needed to gain a better clinical understanding and treatment protocol for TTD.
CONCLUSION
In our opinion, for closed TTDs, the closed reduction should be performed first not to jeopardize the remaining vascular supply of the talus if possible. If closed reduction is unsuccessful, open reduction should be performed, as in this case. In terms of lifethreatening conditions such as sepsis, talectomy with or without tibiocalcaneal fusion and amputation are the procedures to be undertaken as a last resort. Positive Hawkins sign is a good prognostic factor in terms of AVN, but absence of the sign does not indicate that AVN will likely occur. 
